Glycemic Control, Coping, and Internalizing and Externalizing Symptoms in Adolescents With Type 1 Diabetes: A cross-lagged longitudinal approach by Luyckx, Koen et al.
Glycemic Control, Coping, and
Internalizing and Externalizing Symptoms
in Adolescents With Type 1 Diabetes
A cross-lagged longitudinal approach
KOEN LUYCKX, PHD
1,2
INGE SEIFFGE-KRENKE, PHD
3
SARAH E. HAMPSON, PHD
4
OBJECTIVE — This study examines how active coping and withdrawal, psychological (in-
ternalizing and externalizing) symptoms, and glycemic control (A1C values) inﬂuence each
other across time in adolescents with type 1 diabetes.
RESEARCH DESIGN AND METHODS — One hundred and nine adolescents partici-
pated in a four-wave longitudinal study spanning four years (mean age at Time 1 was 13.77).
Patientswerevisitedathomeandcompletedquestionnairesmeasuringcopingandpsychological
symptoms. The treating physicians were contacted to obtain A1C values. Cross-lagged path
analysis from a structural equation modeling approach was used for data analysis.
RESULTS — Clinically meaningful pathways between coping and glycemic control were
found across time. Active coping prospectively predicted lower A1C levels, which, in turn,
predicted active coping. Higher A1C levels and higher psychological symptoms consistently
predicted avoidance coping across time. Finally, psychological symptomatology constituted an
importantlinkintheobservedlongitudinalchainofeffects.Morespeciﬁcally,higherA1Cvalues
and symptomatology at Time 1 positively predicted withdrawal at Time 2, which, in turn,
positively predicted symptomatology at Time 3. Next, symptomatology at Time 3 positively
predicted higher A1C values at Time 4, thus coming full circle.
CONCLUSIONS — Coping with everyday stress, psychological symptoms, and glycemic
control were interrelated across time. Evidence was obtained for reciprocal pathways and mu-
tually reinforcing mechanisms, indicating the need to monitor coping strategies and psycholog-
ical symptoms along with glycemic control in optimizing clinical care in adolescents with type 1
diabetes.
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A
dolescence can be a challenging
time when individuals have to deal
with several developmental tasks
such as growing independent from par-
entsanddevelopingmaturepeerrelation-
ships. Having type 1 diabetes imposes
multiple additional demands on the ado-
lescent,invadingeveryaspectofhisorher
life. Diabetes management requires a
great deal of self-discipline and is per-
ceived as being highly stressful (1). Con-
sequently, several studies suggest that
adolescents with diabetes are at a greater
risk than their healthy peers for develop-
ing psychological symptoms (such as in-
ternalizing and externalizing symptoms,
which are both being assessed in this
study) or even psychiatric disorders (e.g.,
depressive disorder) (2–4). However,
other studies did not ﬁnd increased levels
of psychological symptoms in these ado-
lescents(5,6),whichcouldsignaltheirin-
creased competence in managing their
illnessandcopingwithage-speciﬁcdevel-
opmental tasks. Psychological symptoms
(such as internalizing or, more speciﬁ-
cally, depressive symptoms) can nega-
tively inﬂuence glycemic control through
physiological channels and/or through
behavioral pathways thereby reducing
treatment adherence (4,7). In turn, such
symptoms can also be a consequence of
poorly controlled diabetes (e.g., due to
repeated stressful episodes of severe dia-
betic ketoacidosis and diabetic microvas-
cular complications such as retinopathy)
(3,8–10). As such, the relationship be-
tween psychological symptoms and gly-
cemic control is hypothesized to be a
reciprocal one.
Severalstudieshaveshownthatmany
adolescents have difﬁculty coping with
various illness-speciﬁc and everyday
stressors, show low adherence with their
prescribed treatment, and/or poor glyce-
mic control (11,12). Seiffge-Krenke et al.
(13,14) distinguished between functional
and dysfunctional coping. Functional
coping refers to efforts to manage a prob-
lem by actively seeking support, taking
concrete actions, or reﬂecting on possible
solutions. Dysfunctional coping includes
efforts to withdraw from or deny the ex-
istence of the stressor and to avoid
seeking solutions and, as such, risk exac-
erbating the effects of stress (11). Adoles-
cents using active coping skills were less
likely to show a worsening in their glyce-
mic control, implying that their coping
competencieshadaprotectiveeffect(15).
The consistent use of withdrawal or
avoidance coping has been linked to in-
creases in psychological symptoms in
communitysamples(16).Insum,adoles-
cents with diabetes who use withdrawal
coping may be at risk for psychological
symptoms and poor glycemic control.
Some have suggested that these relation-
ships may be reciprocal (1).
The present study
Despite the burgeoning literature dealing
with psychological functioning and dia-
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giesnortheircapacitytoachieveadequate
glycemiccontrolhavebeenaddressedina
single longitudinal design. However, psy-
chological symptoms, coping, and glyce-
mic control are hypothesized to inﬂuence
each other across time (17). As opposed
to cross-sectional relations, which reveal
whether two variables are simultaneously
related, cross-lagged (longitudinal) rela-
tions reveal whether a certain variable is
relatedtochangesinanothervariable.For
example, Helgeson et al. (18) found that,
although depressive symptoms were not
related to glycemic control at a concur-
rent level in their adolescent sample, de-
pressive symptoms were found to predict
decreasesinglycemiccontrolacrosstime.
Consequently, through the use of cross-
lagged path analysis in a longitudinal
sample of adolescents with diabetes, the
present study examined how coping and
psychologicalsymptoms(bothinternaliz-
ing and externalizing) inﬂuenced glyce-
miccontrolacrosstime.Weexpectedthat
active coping would be related to good
glycemic control, whereas withdrawal
coping and experiencing psychological
symptoms would be related to poor gly-
cemic control across time. Further, we
hypothesized that reciprocal mechanisms
set in motion a detrimental vicious circle
inwhichwithdrawalcopingandincreases
in psychological symptoms could not
only inﬂuence but also could be inﬂu-
enced by poor glycemic control (1).
Asnoted,theuseofactivecopingwas
expected to break this chain of mecha-
nisms by improving glycemic control or
protecting against psychological symp-
toms. The present study also took into
account possible sex differences as girls
generally have higher A1C values due to
pubertalaccelerationandhigherinternal-
izing symptom scores (1,13,18).
RESEARCH DESIGN AND
METHODS
Participants and procedure
Participants were from the German Lon-
gitudinal Study on Juvenile Diabetes (1),
which received full Institutional Review
Board approval from the University of
Mainz, Mainz, Germany. All participants
providedinformedconsent.Atotalof109
patients with type 1 diabetes (47% girls
and 9% of non-German—mainly Turk-
ish, Italian, and Greek—descent) were
recruited from 17 pediatric health care
services offering outpatient care in two
German cities (12% of the patients ini-
tially contacted declined to participate
mainly due to language problems). The
sample was found to be representative of
Germanadolescentsofthesameagerange
on different demographic variables (1).
The 109 patients participated in a four-
wave longitudinal study spanning four
years. Participants were visited at home
by project team members and were asked
to ﬁll out questionnaires. Mean age at
Time 1 was 13.77 (SD  1.41; range
12–16 years with 71% of the sample be-
ing 12–14 years). As such, the majority of
theparticipantswereintheirearlyadoles-
centyearsatTime1andintheirmiddleto
late adolescent years at Time 4. Further,
with respect to paternal educational level,
19% of the patients had fathers who re-
ceived education to the 10th grade level,
53%to11thor12thgradelevel,and23%
to the college level. Mean duration of di-
abetes at Time 1 was 4.95 years (SD 
3.48). Illness duration and age were un-
related to all study variables except for a
positive association of illness duration
with A1C values at Time 1 (r  0.22; P 
0.05) and of age with psychological
symptomsatTime1(r0.24;P0.05).
Measures
Coping with everyday stress. Active
coping and withdrawal were assessed
with the German Coping Across Situa-
tions Questionnaire (14), consisting of
seven potentially stressful domains (par-
ents, peers, leisure time, romantic rela-
tionships, self, future, school) and 20
coping strategies. The participants were
requested to indicate (either yes or no)
which coping strategies they used to deal
with a stressor in each of the seven do-
mains. Based on factor analysis (14), each
of the 20 coping strategies across all do-
mains could be assigned to one of three
coping styles, two of which were used for
present purposes. Sample items read “I
discusstheproblemwithmyparents”(ac-
tive coping; 7 items) and “I withdraw be-
cause I cannot change anything anyway”
(withdrawal;6items).Meanscores(rang-
ing between 0 and 7 for active coping and
0 and 6 for withdrawal) indicate the aver-
age number of coping strategies used
acrossalldomains.Cronbach’sforthese
two coping dimensions, summed across
alldomains,rangedfrom0.81to0.93and
0.83 to 0.90, respectively, across waves.
Internalizing and externalizing
symptoms
The German Youth Self-Report (YSR)
(19,20) was used. With a total of 102
items (rated not true, somewhat true,
sometimes true, often true, or very often
true), the YSR consists of multiple symp-
toms that can be combined in two
broadbandscales:internalizingandexter-
nalizing symptoms. By collapsing these
two scales, a total symptomatology score
can be calculated. Norms, reliability, and
validity of the YSR are well established
(19). Mean sum scores (Table 1) indicate
that our participants generally displayed
low-to-moderate symptomatology across
time outside of the clinical range (1).
Cronbach’s  for internalizing, external-
izing, and total symptomatology across
waves ranged from 0.85 to 0.90, 0.75 to
0.84, and 0.91 to 0.94, respectively.
Glycemic control
At each measurement wave, physicians’
assessments of A1C values (matched to
when the questionnaires were completed
andusingthesamehigh-performanceliq-
uid chromatographic assay across sites)
served as a criterion measure for glycemic
control. Patients visited their physicians
to determine these A1C values and ques-
tionnaires were sent to the physicians to
obtain these values.
Statistical methods
A total of 83% patients participated at all
four time points (91% participated at two
and 85% at three time points), and
10.10% of the data at the scale level was
missing across time. No signiﬁcant differ-
ences emerged at Time 1 between those
who participated at all time points and
those who dropped out. To minimize the
bias associated with occasional attrition,
we used the expectation maximization al-
gorithm to impute missing data. A non-
signiﬁcant (ns) Little’s (21) Missing
Completely At Random test [
2 (166) 
16.34, ns] indicated that all missing val-
ues could be reliably estimated.
Cross-lagged path analysis was ap-
pliedfromastructuralequationmodeling
approach using Lisrel 8.54. In all models
tested, all within-time associations at
Times 1–4 and all autoregressive coefﬁ-
cients were included. Consequently, we
looked at directional paths across time
when controlling for all within-time asso-
ciationsandrank-orderstability.Weused
standard model ﬁt indexes. The Satorra-
Bentlerscaled(SBS)
2indexshouldbeas
small as possible; the root mean square
error of approximation (RMSEA) should
be less than 0.08; and the comparative ﬁt
index (CFI) should exceed 0.90 and pref-
erably 0.95.
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Preliminary mean-level analyses
Table 1 presents all mean values at Times
1–4.AseriesofANOVAsrevealedlimited
sex differences with girls scoring higher
than boys on active coping at Time 1 (F
[1,108]4.90,P0.05,
20.04)and
on internalizing symptoms at Time 4 (F
[1,108]  4.15, P  0.05, 
2  0.04).
Repeated-measures ANOVAs with sex as
a between-subjects variable indicated
that, for the total sample, active coping
and A1C levels increased across time
whereas symptomatology decreased
across time. Mean-level changes were
moderated by sex (but not by age, illness
duration, and level of paternal educa-
tion). Whereas girls showed virtually no
change across time in withdrawal, boys
showed a quadratic trend with initial in-
creases followed by later decreases.
Cross-lagged path analyses
The baseline model included all within-
timeassociationsandstabilitycoefﬁcients
[SBS
2 (84)  150.26 (P  0.001);
RMSEA  0.09; CFI  0.91]. Next, we
included cross-lagged paths from coping
tosymptomsandA1C,fromsymptomsto
coping and A1C, and from A1C to coping
and symptoms, resulting in a model with
an acceptable ﬁt [SBS
2 (54)  101.35
(P0.001);RMSEA0.09;CFI0.94]
andasigniﬁcantlybetterﬁtthanthebase-
line model [SBS
2 (30)  49.87, P 
0.05]. A total of eight cross-lagged paths
were signiﬁcant at P  0.10. All the re-
mainingcross-laggedpathsweretrimmed
and resulted in the ﬁnal model [SBS
2
(76)  110.81 (P  0.01); RMSEA 
0.07; CFI  0.94], which had a compa-
rable ﬁt to the previous, less parsimoni-
ous model [SBS
2 (22)  13.85, P 
0.91].
Figure1presentsallstandardizedsta-
bility and cross-lagged coefﬁcients from
this ﬁnal model (see Table 2 for within-
timeassociations).Totalsymptomatology
at Times 1 and 2 positively predicted
withdrawalatTimes2and3,respectively.
Active coping at Time 1 negatively pre-
dicted A1C levels at Time 2, which, in
turn,negativelypredictedactivecopingat
Time 3. A1C levels at Times 1 and 3 pos-
itively predicted withdrawal at Times 2
and 4, respectively. Further, withdrawal
at Time 2, in turn, positively predicted
total symptomatology at Time 3, which
again positively predicted A1C levels at
Time 4. The total effects from A1C levels
and psychological symptoms at Time 1 to
A1C levels at Time 4 reached signiﬁcance
(z  1.87, P  0.10; and z  2.39, P 
0.05, respectively).
Next, a multigroup analysis was per-
formed in which we compared a con-
strained model (with all eight signiﬁcant
cross-lagged paths set as equal across sex)
against an unconstrained model (with
these cross-lagged paths allowed to vary
across sex). No signiﬁcant difference
emerged between both models (SBS
2
[8]  8.07, P  0.43) and, hence, the
more parsimonious constrained model was
favored, indicating that the ﬁnal model ﬁt-
ted equally well for boys and girls.
Finally, we investigated whether the
ﬁnal cross-lagged model could be repli-
cated for internalizing and externalizing
symptoms. In the case of internalizing
symptoms [SBS
2 (77)  105.39 (P 
0.05); RMSEA  0.06; CFI  0.95], sim-
ilar results were obtained as can be seen
in Figure 1, except that the path from
internalizing symptoms at Time 1 to
withdrawal at Time 2 failed to reach sig-
niﬁcance. In the case of externalizing
symptoms [SBS
2 (77)  118.96 (P 
Table 1—Mean-level changes (SD) across time in the study variables
Variable Time 1 Time 2 Time 3 Time 4 F (3,105) 
2
Active coping
Total sample (N 109) 2.17 (1.33) 3.36 (1.22) 3.30 (1.31) 3.37 (1.33) 27.03*** 0.44
Boys (n  58) 1.91 (1.21) 3.26 (1.28) 3.13 (1.33) 3.20 (1.31) 0.53† 0.01
Girls (n  51) 2.46 (1.33) 3.46 (1.16) 3.48 (1.28) 3.56 (1.29)
Withdrawal
Total sample 1.00 (0.91) 1.27 (1.02) 1.18 (1.01) 1.17 (0.96) 2.36 0.07
Boys 0.85 (0.78) 1.42 (1.01) 1.27 (0.94) 1.14 (0.85) 4.01†** 0.10
Girls 1.17 (1.02) 1.11 (1.01) 1.08 (1.09) 1.20 (1.07)
A1C (%)
Total sample 7.85 (2.41) 7.73 (1.92) 8.30 (1.55) 8.26 (1.66) 3.66* 0.10
Boys 7.76 (1.91) 7.79 (1.68) 8.20 (1.29) 8.18 (1.37) 0.41† 0.01
Girls 7.96 (3.09) 7.65 (2.17) 8.41 (1.80) 8.36 (1.94)
Total symptomatology (raw score)
Total sample 35.23 (16.82) 33.86 (17.95) 33.32 (18.57) 30.79 (16.73) 3.65* 0.09
Boys 33.95 (14.95) 34.23 (16.01) 33.09 (18.12) 29.20 (19.84) 1.36† 0.04
Girls 36.68 (18.77) 33.45 (20.09) 33.57 (19.25) 32.60 (18.27)
Internalizing symptoms
Total sample 11.93 (7.09) 10.75 (7.39) 10.76 (7.54) 10.25 (6.59) 2.77* 0.07
Boys 11.07 (6.21) 10.17 (6.87) 10.17 (7.77) 9.13 (5.91) 0.60† 0.02
Girls 12.92 (7.92) 11.51 (7.99) 11.53 (7.51) 11.68 (7.13)
Externalizing symptoms
Total sample 11.00 (5.15) 11.25 (5.55) 10.94 (5.80) 9.77 (5.35) 5.21** 0.13
Boys 11.16 (5.07) 11.73 (5.90) 11.63 (5.91) 9.99 (4.99) 0.62† 0.02
Girls 10.82 (5.28) 10.67 (5.11) 10.12 (5.60) 9.43 (5.73)
SD is within parentheses. Total, externalizing, and internalizing symptoms are reported as raw scores. †Represents the F-value for the interaction-term with gender.
*P  0.05. **P  0.01. ***P  0.001.
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ilar results were again obtained except
that the path from externalizing symp-
toms at Time 2 to withdrawal at Time 3
failed to reach signiﬁcance.
CONCLUSIONS — The purpose of
the present study was to analyze the lon-
gitudinal associations between glycemic
control, coping, and psychological symp-
toms in adolescents with type 1 diabetes.
First, active coping was found to increase
over time, which was consistent with the
ﬁndings on community adolescent sam-
ples (13). The less adaptive coping style,
withdrawal, was applied much less fre-
quently. Further, whereas girls stayed
rather stable across time in their use of
withdrawal, boys initially increased their
use of withdrawal followed by later de-
creases. Paralleling this increased use of
active coping strategies across time, psy-
chological symptoms tended to decrease
across time. In accordance with previous
studies, glycemic control tended to
worsenovertime,pointingtothedifﬁcul-
ties many adolescents experience in
achievinggoodglycemiccontrol,whichis
probablydueinparttohormonalchanges
associated with the teenage years. Other
developmentaltasks,suchasanincreased
involvement with peers combined with a
growingindependencefromparents,may
distract from adhering to the medical reg-
imen (11,18).
Second, as hypothesized, the longitu-
dinalﬁndingspointedtoadetrimentalvi-
cious circle operating across time. A
worsening of glycemic control and psy-
chological symptoms at Time 1 were as-
sociated with increases in withdrawal at
Time 2, which, in turn, was associated
with an increase of symptomatology at
Time 3. Symptomatology at Time 3 again
was associated with a worsening of glyce-
mic control at Time 4. Apparently, sub-
optimal levels of glycemic control and the
presence of psychological symptoms
early in adolescence could set in motion a
chain of events or mechanisms leading to
poor glycemic control several years later.
Improving active coping strategies
throughinterventioneffortscouldhelpto
interrupt this chain of events (22). Active
coping at Time 1 was associated with bet-
ter glycemic control at Time 2, which, in
turn, was associated with increases in ac-
tive coping at Time 3, pointing to an im-
portant reciprocal mechanism. Good
glycemic control, in turn, was associated
with decreases in withdrawal coping
across time (i.e., from Time 1 to Time 2
and from Time 3 to Time 4). Apparently,
active coping could have protective func-
tions by lowering A1C values 1 year later,
whereas obtaining adequate levels of gly-
cemic control seemed to protect against
the use of withdrawal coping.
In sum, whereas several longitudinal
ﬁndings tended to be replicated across
time (such as poor glycemic control and
psychological symptoms inﬂuencing
withdrawal), other longitudinal mecha-
nisms were found to operate at speciﬁc
periods in time. A ﬁrst explanation could
be our relatively small sample size, which
decreased the power of the statistical
tests. A second explanation might be that
these mechanisms become somewhat ap-
parent depending on the adolescent’s de-
velopmental stage. Active coping was a
stronger predictor of glycemic control
when the participants were younger,
whereas psychological symptoms were a
stronger predictor of glycemic control at
the end of the study. With respect to the
latter, as adolescents become older, they
are increasingly responsible for their ill-
ness management. During this process,
internalizingandexternalizingsymptoms
mayadverselyaffectglycemiccontrolpar-
tially due to their negative impact on self-
management and self-care behaviors.
They point to important mechanisms that
could be addressed in clinical settings pro-
vided that the obtained ﬁndings are scruti-
nized and replicated in future studies. A
regular screening of maladaptive coping
strategies and for providing education or
training in optimizing the use of active,
problem-focused coping to maintain ade-
quate levels of glycemic control might be
warranted in adolescents with diabetes.
Theﬁndingsfortheoverallsymptom-
atology score were quite similar to those
Figure1—Finalcross-laggedpathmodellinkingcoping,symptomatology,andA1C.Theﬁrstcoefﬁcientisforthemodelwithtotalsymptomatology,
the second coefﬁcient for internalizing symptoms, and the third coefﬁcient for externalizing symptoms. When the value is identical for the three
models, only one coefﬁcient is provided. Within-time correlations are not presented for reasons of clarity. All path coefﬁcients are standardized and
all stability coefﬁcients are signiﬁcant at P  0.001; †P  0.10; *P  0.05; **P  0.01; ***P  0.001.
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ing or externalizing symptoms. Although
“externalizing” and “internalizing” de-
scribeabasicdistinctioninsymptomatol-
ogy that is extensively validated (23),
these two types of symptoms often co-
occur in adolescence. Our separate anal-
yses on internalizing and externalizing
symptoms indeed demonstrated that
comparable time-dependent mechanisms
occurred. It should be noted that, for
most participants, the magnitude of psy-
chological symptoms did not meet the
threshold for being labeled as psychopa-
thology. However, the fact that these
symptom scores represented rather nor-
mal variants does not downgrade the im-
portance of our ﬁndings. Apparently,
intraindividual changes in psychological
symptoms outside the clinical range also
have the potential to inﬂuence variables
such as glycemic control. In addition,
subclinical levels of psychological symp-
toms could hinder adolescents from mas-
tering normative developmental tasks
and render them more vulnerable for de-
veloping psychopathology later in life
(24).
To conclude, partially due to our
small sample size, we found limited sex
differences. Future studies using larger
samplesshouldseparatenewlydiagnosed
adolescents from those who have estab-
lished diabetes given that the impact of
the study variables could possibly vary
depending on illness duration. Despite
these limitations, the present study dem-
onstrated that adolescents with diabetes
should be routinely screened for psycho-
logical symptoms (and changes therein)
andfortheextenttowhichtheymakeuse
of adaptive or maladaptive coping strate-
gies, not only in dealing with diabetes but
also with normative, everyday stressors
(11,25).
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